In this study, schorl was used as an effective adsorbent for ciprofloxacin removal from wastewater. The adsorption performance, mechanism and effect of metal ion on sorption were investigated. Adsorption capacity reached a maximum (8.49 mg/g) when the pH value was 5.5. The pseudo-second-order kinetic model and Freundlich model could better describe the experimental data. The negative ΔH (-22.96 KJ/mol) value showed that the adsorption process was exothermic. The results also indicated physical adsorption existed on the adsorption process, which was in agreement with the analysis of X-ray diffraction, scanning electron microscopy, Fourier transform infrared spectroscopy (FTIR) and X-ray photoelectron spectroscopy. The desorption rate could reach 94%, which suggested that schorl had a good desorption and regeneration performance. Coexisting ions, such as Cu 2þ and Al 3þ , could obviously inhibit adsorption, and the inhibition from Al 3þ was significantly higher than that from Cu 2þ . However, the additional Zn 2þ could slightly promote the adsorption.
Consequently, it is vital to determine an effective method for the disposal of CIP in wastewater.
In the past decades, several conventional processes such as biodegradation, chemical oxidation and adsorption were applied for the treatment of CIP in the solution (Li & Zhang Among these treatments, the adsorption process acquires a special importance because of the inexpensive nature and ease of operation. Natural minerals, such as aluminous oxide, magnetite, were often chosen as model sorbents for the removal of CIP from wastewater. The adsorption capacities of aluminous oxide and magnetite reached 13.6 and 12.7 mg/g, respectively (Gu & 
MATERIALS AND METHODS

Materials
Aluminum chloride hexahydrate, zinc chloride, copper chloride dihydrate, hydrochloric acid, and sodium hydroxide were of analytical reagents grade and were obtained from Nanjing Wanqing Chemical Co., Ltd (Nanjing, China). Ciprofloxacin hydrochloride (C 17 H 18 FN 3 O 3· HCl, purity >98%) was purchased from Sigma-Aldrich, the molecular structure of ciprofloxacin is given in Figure 1 . The schorl was obtained from Xinjiang Province of China.
Batch sorption experiments
All the adsorption experiments were carried out in 250 mL Erlenmeyer flasks with 0.1 g schorl, and 50 mL CIP solution was added. pH value was adjusted with 0.1 mol/L NaOH or 0.1 mol/L HCl. The mixtures were shaken at 240 rpm at different temperatures for 12 h. When it reached equilibrium, the solution was passed through a 0.22 μm filter before analysis. In the kinetic experiments, water samples were taken at predetermined time intervals. For the isotherm studies, the experiments were operated at different temperatures (288, 303 and 318 K) . In order to determine the effect of heavy metal ions on the adsorption, the heavy metal ions were added into the CIP solutions (30 mg/L) according to certain mole ratios (CIP:M ¼ 1:0, 1:1, 1:2, 1:5, 1:10). The desorption experiment was performed after the adsorption experiments, by adjusting the pH to 11 with 1 mol/L NaOH solution. The flasks were sealed and shaken at a speed of 240 rpm for 12 h. The CIP concentration was determined by a UV-Vis spectrophotometer The spectra were collected by accumulating 250 scans at a resolution of 4 cm -1 in the range of 400-4,000 cm -1 .
Data analysis
The adsorption rate is one of the important parameters that The equations can be represented as follows (Wan et al.
).
Pseudo-first-order kinetic model:
Pseudo-second-order kinetic model:
where q t (mg·g -1 ) and q e (mg·g -1 ) are the adsorption capacity of schorl at any time t (min) and the equilibrium adsorption capacity of schorl, respectively; k 1 (min -1 ) and k 2 (g·mg -1 ·min -1 ) are the adsorption rate constants of pseudofirst-order and pseudo-second-order equations, respectively.
Adsorption isotherms were used to evaluate the interaction between the adsorbent and the adsorbate. To further understand the adsorption mechanism, two typical models, Langmuir and Freundlich, were selected to analyze isotherm data and the expressions can be written as follows (Foo & Hameed ) .
Langmuir isotherm model:
Freundlich isotherm model:
where q m is the maximum adsorption capacity (mg.g -1 ); c e is the equilibrium concentration of CIP (mg.L -1 ); k L is the Langmuir equilibrium constant; k F is Freundlich isotherm constants, which are indicative of the affinity of the binding sites; n is the nonlinearity constant reflecting the favorability of adsorption and the degree of surface heterogeneity and both were related to the adsorption capacity and intensity.
The thermodynamic parameters represent the change in free energy (ΔG), enthalpy (ΔH), and entropy (ΔS) of the adsorption process was obtained from the temperaturedependent isotherms by using the Van't-Hoff equation:
in which R is the gas constant (8.314 J/mol K), T is the absolute temperature (K); and K is the adsorption constant in the 
RESULTS AND DISCUSSION
Kinetic studies
The effect of contact time on CIP adsorption is shown in Figure 2 . The adsorption capacity was increased quickly, reaching about 75% of the finally adsorbed amounts during the initial 10 min. After this period, the adsorption rate was gradually slow and reached equilibrium in about 120 min. Furthermore, the theoretical values of q e in the pseudosecond-order kinetics were closer to the experimental q e than pseudo-first-order kinetics. In conclusion, the above results suggested that the adsorption process were well represented by the pseudo-second-order kinetic model.
Adsorption isotherms and thermodynamics
The adsorption isotherms of CIP absorbed on the schorl at different temperatures is shown in Figure 3 . The equilibrium concentration of CIP increased with the increasing initial concentration. Isotherm parameters and the correlation coefficients are shown in (Table 3) . As for the Freundlich model, all the constants n were greater than 1, giving an indication for the favorability of adsorption.
The thermodynamic parameters were calculated from the Van't-Hoff equation. As shown in Table 4 the lower negatively charged of the schorl and CIP þ . In addition, the existence of H þ would also affect CIP absorbed on schorl. When the pH was between pK a1 and pK a2 , CIP existed as the zwitterion forms and adsorption capacities of the CIP decreased. At pH >pK a2 , a sharp decrease was observed, which could be attributed to electrostatic repulsion. This result was in agreement with the ciprofloxacin adsorption on kaolinite (Li et al. ) .
XRD, SEM, FTIR, XPS analysis
The XRD patterns of the schorls before and after adsorption are shown in Figure 5 . (Table 5) .
Hence, it was demonstrated CIP absorbed on schorl, probably due to physical adsorption.
Desorption experiment
The desorption rate is an important index to measure the recycling of adsorption materials. After the process of adsorption, the desorption experiment is performed by adjusting the pH to 11, and the result is shown in Figure 8 .
Obviously, a large portion of CIP was quickly desorbed from schorl in 20 minutes. The desorption rate reached 94%, which indicated that schorl had a good desorption ability simply by adjusting the pH values to 11. Electrostatic repulsion could be attributed to the CIP desorption at a high pH value.
Effect of coexisting ions
Several studies found that the concentrations of heavy metals in the solution could affect the adsorption capacity of CIP. In the presence of heavy metal ion, the CIP adsorption capacity changed, as illustrated in Figure 9 .
Zn 2þ had a weak impact on CIP adsorption. The existence of Zn 2þ enhanced the CIP adsorption slightly. It is possible that CIP was adsorbed on schorl via Zn 2þ bridging, 
UV-visible spectroscopy
The spectrum of CIP after reaction and the solution of CIP adsorbed onto schorl in the presence of Zn 2þ , Cu 2þ and Al 3þ respectively, are shown in Figure 10 . 
CONCLUSIONS
In the experiment, schorl was an effective adsorbent for ciprofloxacin removal from the solution. When the equilibrium pH value was 5.5, the maximum adsorption capacity was found to be 8.49 mg/g. The pseudo-secondorder kinetic model and Freundlich model could well describe the experimental data. The negative ΔG and ΔH value indicated that the adsorption process was spontaneous and exothermic and it was physical adsorption.
The analysis of XRD, SEM, FTIR and XPS were in good agreement with physical adsorption. The existence of Cu 2þ
and Al 3þ has a negative effect on the ciprofloxacin adsorption, and the inhibition by the Al 3þ was significantly higher than that by Cu 2þ . However, the addition of Zn 2þ could slightly promote ciprofloxacin adsorption capacity.
The desorption experiment indicated that schorl had a good desorption and regeneration performance.
